The electronic structures of AuGa2 and PtGa2 have been studied with use of spectroscopic ellipsometry and the dielectric functions have been determined in the 1.2-5.5-eV region. Both compounds show interband absorption at low photon energies (<1.3 eV). The interband absorption for AuGa2 is strong at about 2 eV while that for PtGa2 shows a broad structure in the range 2.5-4.5 eV, with a shoulder at 3.3 eV. The observed interband features in ε2 can be interpreted in terms of self-consistent relativistic band-structure calculations using the linear augmented-plane-wave method. The interband contribution to the imaginary part of the dielectric function εb2 has been calculated including the effect of the electric dipole matrix elements. The overall agreement is good between the band calculations and the ellipsometry results in the 1.2-5.5-eV region for both the magnitude and the positions of the structures. Below 1.2 eV the calculational results for both compounds show interband absorption, which is also qualitatively suggested by the ellipsometry results.
I. INTRODUCTION The binary intermetallic compounds AuGa2 and PtGaz have the cubic fluorite (CaF2) structure in which Au or Pt atoms form a fcc sublattice and the Ga atoms occupy the tetrahedral sites located one-quarter of the way up the body diagonals. Earlier studies of the electrical properties of AuGa2, AuAlz, and AuIn2 (Ref. 1) showed that they are good metallic conductors with roomtemperature conductivities about one-fifth that of Cu. Also, Fermi-surface studies on these compounds ' indicated that they behave nearly-free-electron-like to some extent. Optical reAectivities were measured on these compounds ' and dielectric functions were calculated by using Kramers-Kronig (KK) analyses. Chen and Lynch6 measured the complex dielectric functions of AuAlz and PtA12 by spectroscopic ellipsometry.
Using published band structures of the compounds they were able to assign some interband transitions to the structures observed in the dielectric functions.
As is well known, the electronic band structure of is characterized by narrow 5d bands which hybridize significantly with the s-p bands around the Brillouin-zone boundary. Also, the spin-orbit interaction splits the 5d states into states with j ==', and j = -, '. This ordering combines with crystal-field effects so that at the I point, the spin-orbit and crystal-field interactions cause the fourfold j =-, 'states (upper I &+ ) to shift to higher energy and the j = -, ' states to split into fourfold (lower I~+ ) and twofold ( I 7+ ) levels. The spin-orbit interaction enhances the d-band width, and the energy gap between the j =-', levels at the I point is about 1 eV for Au, a gap large enough to be detected in photoemission measure- Electronic band-structure calculations for both compounds were performed using the LAPW method, employing the standard muffin-tin approximation for the crystal potential, which provides a good approximation for a cubic close-packed structure. The calculations were scalar relativistic, ' in which the Dirac equation is reduced to omit initially the spin-orbit interaction (thus keeping spin as a good quantum number but retaining all other relativistic kinematic effects). The spin-orbit interaction is added perturbatively after the semirelativistic bands and wave functions have been obtained.
The starting muffin-tin crystal potentials were constructed from the superposition of neutral atomic charge densities obtained from self-consistent atomic calculations by the Dirac-Slater method using a variation of the We also calculated the density of states (DOS) for both compounds. We used the energy eigenvalues for the first 13 bands at 152 k points. They were least-squares-fitted with 81 symmetrized plane waves (the typical rms error of the fits was less than 1 mRy). These fits were used to generate the band energies at the corners of 2048 small tetrahedra which filled the irreducible wedge ( -, ', ) The real and imaginary parts of the measured complex dielectric functions of AuGa2 and PtGa2 in the 1.2 -5.5-eV range are shown in Fig. 1 . For AuGa2, the imaginary part of the dielectric function ez shows a broad structure at around 2 eV due to interband absorption. For PtGa2, a structure in e2 due to interband absorption starts at about the same energy as in AuGa2 but it is weaker in intensity. We also can see a broad structure peaked at about 3.3 eV in PtGa2. Figure 2 Table II. %'e used the above four-parameter sets for both compounds to estimate the intraband parts of the dielectric functions at higher energies () 1.2 eV). The intraband parts were subtracted from the ellipsometry data to get the interband parts. The ez for PtGaz obtained from the above procedure shows the structure at about 1.3 eV more developed than in Fig. 1 size of the rectangle denoting the strength of the contribution. Figure 7 shows the distribution of the transitions for the 0.65-eV peak of AuGaz in the -, ', th of the Brillouin zone. The largest contribution comes from around the middle of the I -X line. These transitions occur between bands having mostly s-p character. As shown in Fig. 3 there are three nearly-parallel bands along the I -X direction. The lowest band of the three at the X point (band 
